Abstract-High resolution satellite imagery are widely used in many applications. One of the main applications is planet monitoring for hazard assessment. The objective of our study is to develop segmentation methods of spaceborne remote sensing images capable of detecting lakes over large areas in high mountainous regions. In this context three different methods are investigated on a SPOT2 image, namely: the spectral angle mapper, the irregular pyramid and the watershed with markers. Each method having its own characteristics, we propose to aggregate the three algorithms and thus improve the segmentation result. In this paper, first we present each one of these methods and the results obtained, then we present the fusion architecture and the result obtained by the comibation of the three methods.
I. INTRODUCTION
The use of remote sensing imagery for planet monitoring as well as for updating geographical systems databases is quite common these days. With the launch of many satellites every year, new performing methods for extracting information from the provided images are still needed. In this paper we are interested in the detection of lakes in high mountainous remote areas, these areas being very difficult for human access, the use of remote sensing imagery is especially interesting. The paper is devided into four parts, the first part is dedicated to presenting the study area, then each one of the tested methods, namely: Spectral Angle Mapper, Irregular pyramid and Watershed respectively, as well as the results obtained. The second part presents the results obtained from the combination of the three methods. Finally the conclusion is drawn in the final part.
II. SEGMENTATION METHODS AND EXPERIMENTAL RESULTS

A. Study area
The study area considered in this paper is a 4067.21km 2 area located at the borders between France and Switzerland (Emosson lake region). The image is a SPOT 2 image aquired the 25th of September 2000, and it is a multispectral image with a resolution of 20m by 20m. It is 3395*2995 pixels in size. In the following sections when we apply the different segmentation algorithms we zoom on a specific region of this image, the Emosson lake, that is 400*400 pixels in size. Figure  1 shows the blue band of the original image, as well as the zoom on the Emosson lake.
B. Spectral Angle Mapper (SAM)
The SAM classification method calculates the angular spectral deviation between each pixel of an image and a set of reference spectra, each one of these spectra representing a class. Based on this deviation value the pixel is affected to the closest class [1] according to a manually set threshold. If the deviation is above the threshold for all classes (reference spectra), the pixel is affected to the class "not lake".
The source of these reference spectra can be:
• Pixels from the image itself (as in our case).
• Field or laboratory measurments.
• A predefined database of reference spectra.
• Manually set. The classification result obtained with the SAM classification method is presented in figure 2 . From the obtained results we can note that, as we increase the threshold, we are capable of detecting more lake pixels, but on the other hand we drastically increase the false alarms (noise) as well. A compromise between detection and false alarms should be made. For our proposed fusion architecture, the detection of a limited number of lake pixels is sufficient, so we impose a low threshold, thus minimizing the false alarm rate.
C. Irregular Pyramid
The irregular pyramid method is based on the theory of graphs which is very adapted to the adjacency relation linking regions. The interest of this graph representation lies in the capability of representing topological relations between pixels or regions. The pyramidal structure is obtained as the segmentation process is iterative. Following a bottom-up approach, the picture is progressively simplified by merging neighbouring regions, thus creating a stack of coarser segmentations [2] . The base of the pyramid represents the original image, with every pixel representing a region. Two rules must be respected while constructing a higher level: 1) Two adjacent regions at the kth level both connot survive the contraction process (i.e. at least one of them has to be attributed to a parent vertex at the k+1 level). 2) At the kth level, all the regions that did not survive have to have at least one neighbour that has survived the contraction process. We now proceed to the similarity criteria according to which we will decide wether two regions should be merged or not while respecting the above mentionned rules. The ressemblance criteria between two regions can be of any nature, for example we have:
• The mean contrast between edge pixels.
• The mean gray level of a given region.
• Mean Power spectral density of a region.
• Mean of the textural parameters calculated in a given region (i.e. Entropy, uniformity, · · · .) • · · · . In this paper we have the irregular pyramid using the difference between mean gray level of two regions as the similarity criteria [2] .
The segmentation result obtained with the irregular pyramid algorithm is presented in figure 3 As it can seen (a) (b) from the result, the number of total regions detected by the irregular pyramid method is inversly proportinnal to the gray level threshold. As we increase the gray level threshold, more regions can be merged and thus obtaining larger regions. It should be noted that the irregular pyramid method is a segmentation method, that does not differentiate lakes and other surrounding objects. Any object present in the image could be detected, thus generating a large number of irrelevant regions.
D. Watershed Algorithm
The concept of watershed is based on visualizing a gray scale image in three dimensions, two dimensions representing the spatial representation in (x,y) and the third one representing its gray level. This topographic representation presents minima. Now imagine that these minima are pierced and that the topographic surface is immersed in water. The water pours through the holes, through the deepest ones at first, and progressivly floods the surface. While flooding, we build dams at any point where water coming from two different minima merge. At the end of the flooding, dividing lines appear, these are called the watersheds of the original image. The different connected components seperated by the watershed lines are called catchment basins, each one being associated to a single minimum [3] , [].
In practice, we often see watershed segmentation applied to the gradient of an image, rather than the image itself. In this formulation, regional minima consitutes the regions having small gradient values, this is a reasonable assumption since any object in an image is characterized by homogeneous texture and hence a weak gradient. The objects in an image corresponds therefore with regions having small gradient values. But even if we take this formulation into account we'll obtain unsatisfactory, oversegmented results [4] , [5] .
In order to overcome the problem of oversegmentation, another method was proposed in the litterature, this method is called watershed with markers [6] , [7] , [8] . In this method we define markers for the objects to be extracted. these markers will then be imposed as the new and only minima of the gradient image. And finally after imposing the markers, we can launch the watershed algorithm on this modified gradient image.
The most critical part of this modified algorithm, is the marker extraction part; many methods were proposed in the litterature in this domain, but it should be noted that the marker extraction procedure is totally dependent on the application in hand.
For our application we have proposed three marker extraction algorithms, these algorithms were found upon: 1) Texture calculations and mainly focused on the entropy of each pixel on a spredefined neighbourhood. 2) Building a database with previously defined lake regions and comparing the caracteristics (i.e. gray level, texture calculations, · · · ) of each new pixel with the mean values of the lake regions stored in the database. 3) Spectral signature of the water and exploiting the information provided by the multispectral imagery. The marker images obtained are shown in figure 4 . As it can be seen in figure 4 the most interesting result is obtained using the comparison with a database, this technique depends entirely on the built database. The texture based technique underperforms the database technique in this specific image, but it has the adavantage of being more robust. The signature based technique underperforms the other two algorithms in this specific image due to the similarity between the water surface signature and other surrounding regions, like shaded regions and clouds. In the mean time the signature based algorithm is the most interesting since it is a fully automatic algorithm and does not require neiher the creation of a database nor the selection of a threshold as in the texture based algorithm.
III. FUSION OF THE THREE METHODS
In this section we will present the result of fusionning the three proposed classification methods. Actually each one of these methods presents a unique advantage and exploits different information in the image. The spectral angle mapper exploits the spectral information of each pixel, the irregular pyramid uses both the spectral information and the spatial information by considering each pixel neighbourhood before affecting it to a specific area, and finally the watershed with markers provides the possibility to choose only areas of interest throw the use of markers. The fusion process is composed of three steps. The first step consists in adding the countours issued from the irregular pyramid and the watershed with markers method, this way we exploit the fine countour detection capability of the irregular pyramid while choosing only the regions of interest using the watershed with markers. The regions that were not chosen by the watershed algorithm, since they did not include any markers, are declared as not interesting. The watershed can also improve the quality of the detected contour. The second step consists in choosing only those regions delimited by the countours obtained from the previous step that contain spectral angle mapper pixels. The final step consists in filtering the final image obtained from the previous processing by the percentage of SAM present in each area, this is performed by counting the whole region area (in pixels) and the number of SAM pixels situated in this area, if the percentage of SAM pixels is higher than a certain, manually selected, threshold the region is kept, otherwise the region is filtered from the image and declared as not lake. The results obtained from the above processing are shown in figure  5 . As it can be seen from figure 5 the result obtained (a) (b) from this fusion is very satisfactory. Meanwhile some difficulties may face this proposed algorithm, problems like shaded areas and the fact that the spectral signature of clouds shares great similarity with that of the water in the spectral range that we have considered here, so further pre-processing to eliminate clouds and shadows may still be needed. Figure 6 shows a worst case scenario of applying the proposed algorithm on another part of the scene dominated by clouds and shadows and containing only one lake of four pixels, we can see that the result obtained is not adequate and contains a high number of false allarms. As it can be seen from figure 6, the (a) (b) glacial lake (the only lake in this image) being situated in a region containing a high noise level, we were not capable of detecting it. This noise is due to two factors, first the clouds are covering a part of the lake, second the lake's surface is very small, with this current resolution, and as it is situated on a glacier this later noises the reflectivity of the lake and hence its signature does not match the usual water signature.
IV. CONCLUSION In this paper we've presented three algorithms used in satellite image classification namely: Spectral Angle Mapper, the Irregular Pyramid and the Watershed with markers. There exists no optimal method, each one of them has its own advantages as well as some incovenients. The SAM techinque offers good results, rather than the irregular pyramid or the watershed, but it has the incovenient that it can only be applied to a multispectral image and not to a monospectral one, and that is a very important point since the resolution of the monospectral images is higher than their multispectral counterparts (i.e. the resolution of the SPOT (1,2 and 4) multispectral images is 20 meters while monospectral is 10 meters). The irregular pyramid obtains very good results, but has the disadavantage of segmenting the whole image without focusing on the regions of interest, thus obtaining a large number of irrelevant regions. The watershed algorithm provides the capability of choosing only the regions of interest, throw the use of markers, but has the disadvantage of inaccurate contour detection in the case of markers lying on the actual limits of an object of interest.
We therefore proposed a fusion of the three methods trying to compensate the disdavantages of each method with the adatnages of the others. We have demonstrated the power of the proposed algorotihm as well as the present drawbacks, like the shadow and clouds that have a considerable effect on the quality of the final result.
